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Abstract: Fifteenth of Cronobacter sakazakii were 
obtained from previous studies isolates were (5 infant 
formula, 5 spinal fluid and 5 bloods). C. sakazakii is 
ability to survive on long time in environment as powder 
infant material which leads transmission bacteria to the 
immune compromised infant . Fifteen new born mice 
were obtained from the Iraqi Center for Cancer and 
Medical Genetics whose ages ranged between 10-17 
days and their weights 8.5 + 1.25 gm, were divided into 
3 groups. The samples were cut and placed in formalin, 
then placed in stabilizer and concentrations of alcohol 
(70%, 80%, 90%,100%) to complete dehydration after 
they were leached with xylene, embedded the samples 
paraffin wax (58°C) and sectioning the with thickness 
(5) micrometer and stained with Haematoxylin and 
Eosin stain. The results showed that swelled of the 
gastro-intestinal tract and fluid accumulation was 
observed for the animals vaccinated with C. sakazakii an 
increase in the weight of the gastro-intestinal tract for 
the mice compared to the control treatment and this 
increase was significant at the probability level p<0.05 
this may be due to the occurrence of inflammatory 
symptoms in the affected organ 72 hours after the injury 
the histological study of the gastro-intestinal tract and 
the tunica mucosa was distinguished by deep 
enterocytes goblet cells and muscular was thick . It was 
represented by loss of villi shedding of the epithelium 
with rupture of the intestinal epithelial cells and their 
rupture in the lower of the gastrointestinal tract. Edema 
of the sub mucosal epithelium has been observed. 
Goblet cells necrosis and filter immune cells 
neutrophils, macrophages, eosinophil, and lymphocytes 
fill the lumen C. sakazakii concentration 103 and 105 
cells necrotizing enterocolitis of the newborn mouse. 
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Introduction: 


The bottom consists of the lower gastro-intestinal canal in the mouse Tunica mucosa, Tunica sub 
mucosa, Tunica muscular and Tunica serosa contain lamina propria capillaries lymphatic vessels 
Lymphocytes and Plasma cell 1. Signs of necrotizing colitis in children are intestinal juices exudation 
vomiting flatulence, blood in stool and no rectal fissures were observed 2. adhesion to host surfaces 
intestinal epithelium, survival in the intestinal wall invasion and entry into the blood stream necessary 
process for infection formation 3. Cronobacter sakazakii is one of the member Enterobacteriaceae 
family, it is gram negative bacteria, rod-shaped, peritrichously flagellated and non-spore-forming, it is 
facultative anaerobic as it can growth without oxygen or grow with a small of oxygen, the growth 
temperature range is 6-45 °C with Optimum temperature of 37-43 °C 4 . C. sakazakii is ability to 
survive on long time in environment as powder infant material which leads transmission bacteria to the 
immune compromised infant 5. C. sakazakii caused-necrotizing enterocolitis in infants dangerous 
neurological diseases meningitis and septicemia 6 . The attack of bacteria to the host's cells is 
unknown but C.sakazakii have outer membrane proteins its help to affect the host's cells 7. 
Extracellular glycoproteins lead to adhesion intestinal epithelial and endothelial cells 8 . 


Materials and Methods: 


Fifteenth of C. sakazakii were obtained from previous studies. Isolates were (infant formula, spinal 
fluid and bloods). The isolate was inoculated more virulent depend on its speed of movement in the 
center of the MacConky agar at 37C for a period of 24 hours, after which a part was taken by loop in 
saline solution by McFarland standard solution 0.5 during dosing the newborn mice and their number 
was 15 obtaining healthy newborn mice from the Iraqi Center for Cancer and Medical Genetics whose 
ages ranged between 10-17 days and their weights 8.5+1.25 gm, were divided into 3 groups. The first 
group by the control treatment who were dosed with distilled water and the second group dosed with 
bacteria C. sakazakii (AIC) at concentration of 103cells/ml and the third group was dosed at 
concentration of 105 cells/ml . 


Histopathological study 


Tissue slides were prepared for all samples taken from newborn mice (colon samples). The samples 
were cut and placed in formalin, then placed in stabilizer and concentrations of alcohol (70%, 80%, 
90%,100%) to complete dehydration and remove water from the tissue, after which they were leached 
with xylene, embedded the samples with a dissolved paraffin wax (58°C) and sectioning the with 
thickness (5) micrometer in transverse sections using rotary microtome and stained with Haematoxylin 
and Eosin stain, the sections were examined with a combined optical microscope equipped with a 
digital camera and taken Pictures using Live View Pro digital camera, directly from the computer 9,10. 


Results: 


The peritoneal cavity was opened the gastro-intestinal tract was examined with the naked eye, and 
swelling of the organ and fluid accumulation was observed for the animals vaccinated with C. 
sakazakii , also it was observed through the results of an increase in the weight of the gastro-intestinal 
tract for the mice compared to the control treatment and this increase was significant at the probability 
level p<0.05 Fig.1. This may be due to the occurrence of inflammatory symptoms in the affected organ 
72 hours after the injury the histological study of the gastro-intestinal tract using histological sections 
stained with hematoxylin-eosin stain control 11. The tunica mucosa was distinguished by deep 
enterocytes or Intestinal glands, goblet cells and circular muscle layer of the tunica muscular was thick 
Fig. 2 , 3. 12. It was represented by loss of villi shedding of the epithelium with rupture of the 
intestinal epithelial cells and disruption of the structural structure of the intestine and their rupture in 
the lower part of the gastrointestinal tract 13,14. Edema of the sub mucosal epithelium has been 

observed, goblet cells necrosis and filter immune cells neutrophils, macrophages, eosinophil, and 
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lymphocytes fill the lumen C. sakazakii concentration 103 and 105 cells necrotizing enterocolitis of 
the newborn mouse involved most of the linings of the intestinal wall Fig. 4, 5, 6 , 7 15, 16. 
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Figure 1: Changes in the gastro-intestinal tract weight of newborn mice dosed with C. sakazakii 
Compared with the control treatment, there are significant differences under the probability level 
p<0.05. 


Figure 2: Cross-sectional section in the lower part of the gastro-intestinal tract of newborn rat of the 
control group, note: tunica mucosa (TM), tunica submucosa (TSM), tunica muscle (TME), serous 
tunica (TS), (hematoxylin-eosin stained, A-strength 10x) 
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Figure 3: Cross-sectional section in the lower part of the gastro-intestinal tract of newborn rat of the 
control group, note: enteric glands (IG), enteric cells (EC), goblet cells (G) , (hematoxylin-eosin 
stained, B-strength 40x). 


Figure 4: Cross- section in the lower part of the gastro-intestinal tract of newborn mouse inoculated 
with C. sakazakii concentration of 103 cells/ml, note: intestinal rupture (IG), infiltration of immune 
cells (IN), mucosal necrosis (N) (TME), edema (O), (hematoxylin-eosin stained, A-strength 10x). 
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Figure 5: Cross- section in the lower part of the gastro-intestinal tract of newborn mouse inoculated 
with C. sakazakii concentration of 103 cells/ml, note: intestinal rupture (IG), infiltration of immune 
cells (IN), mucosal necrosis (N) (TME), edema (O), (hematoxylin-eosin stained, B-strength 40x). 
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Figure 6: Cross - section in the lower part of the gastro-intestinal tract of a newborn mouse inoculated 
with C. sakazakii at a concentration of 105 cells/ml, note: necrosis (N), , intestinal rupture (IG) and 
degeneration (DE), Immune cell filtering (IN) and edema (O), (hematoxylin-eosin stained, A-strength 
10x). 
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Figure 7: Cross - section in the lower part of the gastro-intestinal tract of a newborn mouse inoculated 
with C. sakazakii at a concentration of 105 cells/ml, note: necrosis (N), focal necrosis (FN) of the 
entirety forming layers of the intestine, degeneration (DE), Immune cell filtering (IN) and collecting 
(AG), edema (O), (hematoxylin-eosin stained, B-strength 40x). 


Discussion: 


C. sakazakii attaches, invasion and multiplies in the intestinal cells of the gastro-intestinal tract and 
causes these damages responsible for the appearance of necrotizing enterocolitis , the damage caused 
by these bacteria in the tissue of the intestinal wall may be due to the presence of many bacteria C. 
sakazakii in the gastro-intestinal tract which caused damage to the tissue wall of the gastric duct and 
was a Clear cause of the emergence of the inflammatory immune response 11. Intestinal inflammation 
caused by C. sakazakii infection may be associated with several damaged and dead intestinal tissue 
cells resulting from infection 17. Bacteria on the intestinal tissue and cause is necrotizing enteritis it is 
due to its possession of LPS, leads to an increase in the permeability of intestinal epithelial cells, leads 
to the transmission of bacteria 18. 


The ability of C. sakazakii to invasion intestinal epithelial cells is due to the presence of the genes Ffli 
and tn5, proteins that encode the movement of bacteria have a major role in the process of cell 
invasion 19,20. C. sakazakii of environmental or nutritional origin have the ability to migrate intra 
cellular after the invasion process due to their ability to overcome all physical barriers of the intestine 
21. Presence omp A of a role in the injury of intestinal necrosis through a change permeability and 
apoptosis enterocytes 22. 


Conclusion: 


From the current study, it can be concluded that C. sakazakii bacteria has the ability to cause weight 
changes in newborn mice and pathological weight and tissue of important organ in the mouse body 
(gastro-intestinal tract) when these mice are dosed at different concentrations of C. sakazakii.. 


Acknowledgment: 


The cooperation of the staff at Iraqi Center for Cancer and Medical Genetics is appreciated. 


196 | Published by “ CENTRAL ASIAN STUDIES" http://www.centralasianstudies.org 


Copyright (c) 2023 Author (s). This is an open-access article distributed under the terms of Creative Commons 
Attribution License (CC BY).To view a copy of this license, visit https://creativecommons.org/licenses/by/4.0/ 


CAJMNS Volume: 04 Issue: 01 | Jan-Feb 2023 


Authors' declaration: 
> Conflicts of Interest: None. 


> We hereby confirm that all the Figures and Tables in the manuscript are mine ours. Besides, the 
Figures and images, which are not mine ours, have been given the permission for re-publication 
attached with the manuscript. 


References: 


1. Treuting PM, Dintzis SM. Lower Gastrointestinal Tract. In: Comparative anatomy and histology a 
mouse and human atlas. Treuting, P. M. and Dintzis, S. M. (Eds.). Elsevier Inc., San Diego, USAI, 
2912; 177-192. 


2. Guthrie SO, Gordon PV, Thomas V, Thorp JA, Peabody J, Clark RH. Necrotizing enterocolitis 
among neonates in the United States. J. Perinatol., 2003; 23(4): 278-285. 
3. Almajed FS, Forsythe SJ. Cronobacter sakazakii clinical isolates overcome host barriers and evade 


the immune response. Microb. Pathogen., 2016; 90: 55-63. 


4. Ling N, Forsythe S, Wu Q, Ding Y, Zhang J, Zeng H. Insights into Cronobacter sakazakii biofilm 
formation and control strategies in the food industry. Engineering, 2020, 6, 4: 393-405. 


5. Endersen L, Buttimer C, Nevin E, Coffey A, Neve H, Oliveira H, Lavigne R, O'Mahony J. 
Investigating the biocontrol and anti-biofilm potential of a three phage cocktail against 
Cronobacter sakazakii in different brands of infant formula. Int. J. Food Microbiol., 2017, 253: 1- 
11. 


6. Acker JV, De Smet F, Muyldermans G, Bougatef A, Naessens A., Lauwers S. Outbreak of 
necrotizing enterocolitis associated with Enterobacter sakazakii in powdered milk formula. J. Clin. 
Microb., 2001; 39(1): 293-297. 

7. Mashoufi A. Hashemi M, Ghazvini K, Mobarhan MG, Afshari A. Cronobacter sakazakii, a New 
Threat: Characteristic, Molecular Epidemiology and Virulence Factors. ARRB, 2017; 21(5): 1-21. 


8. Mittal RY, Bulgheresi C, Emami NV, Prasadarao A. Enterobacter sakazakii targets DC-SIGN to 
induce immunosuppressive responses in dendritic cells by modulating MAPKs. J. Immunol., 2009; 
183: 6588-6599. 


9. Bancroft J, Steven SA. Theory and practice of histological technique, 2nd ed. Churchill 
Livingston, London, 1982, 662. 


10. Bancroft JD, Layton C. The hematoxylins and eosin. In: Bancroft’s theory and practice of 
histological techniques, 7th edn. Suvarna SK, Layton L, Bancroft JD (Eds.). Churchill Livingstone 
Elsevier Ltd., Shanghai, China, 2013: 173-186. 


11. Emami CN, Mittal R, Wang L, Ford HR, Prasadarao NV. Role of neutrophils and macrophages in 
the pathogenesis of necrotizing enterocolitis caused by Cronobacter sakazakii. J. Surg. Res., 2012, 
172, 1: 18-28. 


12. Scudamore CL. A Practical Guide to the Histology of the Mouse. John Wiley and Sons, 2014. 


13. Richardson AN, Lambert S, Smith MA. Neonatal mice as models for Cronobacter sakazakii 
infection in infants. J. Food Prot., 2009; 72: 2363-2367. 


14. Weng M, Ganguli K, Zhu W, Shi HN, Walker WA. Conditioned medium from Bifidobacteria 
infantis protects against Cronobacter sakazakii-induced intestinal inflammation in newborn mice. 
Am. J. Physiol. Gastrointest. Liver Physiol., 2014; 306(9): G779-787. 


197 | Published by “ CENTRAL ASIAN STUDIES" http://www.centralasianstudies.org 


Copyright (c) 2023 Author (s). This is an open-access article distributed under the terms of Creative Commons 
Attribution License (CC BY).To view a copy of this license, visit https://creativecommons.org/licenses/by/4.0/ 


CAJMNS Volume: 04 Issue: 01 | Jan-Feb 2023 


15. Yang G, Jin T, Yin S, Guo D, Zhang C, Xia X, Shi C. Trans-Cinnamaldehyde mitigated intestinal 


inflammation induced by Cronobacter sakazakii in newborn mice. Food Funct., 2019; 10(5): 2986- 
2996. 


16. Shi C, Jin T, Guo D, Zhang W, Yang B, Su D, Xia X. Citral Attenuated Intestinal Inflammation 


Induced by Cronobacter sakazakii in Newborn Mice. Foodborne Pathog. Dis., 2020; 17(4): 243- 
252. 


17. Blackwood BP, Wood DR, Yuan C, Nicolas J, De Plaen IG, Farrow KN, Chou P, Turner JR, 


Hunter CJ. A role for camp and protein kinase A in experimental necrotizing enterocotitis. Am. J. 
Pathol., 2017; 187:401-417. 


18. Townsend SM, Hurrell E, Gonzalez-Gomez I, Lowe J, Frye JG, Forsythe S, Badger JL. 


Enterobacter sakazakii invades brain capillary endothelial cells, persists in human macrophages 
influencing cytokine secretion and induces severe brain pathology in the neonatal rat. 
Microbiology (Reading), 2007; 153(Pt 10): 3538-3547. 


19. Hartmann I, Carranza P, Lehner A, Stephan R, Eber L; Riedel K. Genes Involved in Cronobacter 


sakazakii Biofilm Formation. Appl. Environ. Microbiol., 2010; 76 (7): 2251-2261. 


20. Veronica, EK, Ochoa SA, Everardo CQ, Héctor Q, Oscar MC, Elizabeth FR, Irma RP, Jos’e AG, 


PAT 


Bulmaro C, Rigoberto HC, Juan XC, Ariadnna CC. Proteomics profiles of Cronobacter sakazakii 
and a fliF mutant: Adherence and invasion in mouse neuroblastoma cells. Microbial Pathogenesis, 
2020; 104595. 


Giri CP, Shima K, Tall BD, Curtis S, Sathyamoorthy V, Hanisch B, Kim KS, Kopecko DJ. 
Cronobacter spp. (previously Enterobacter sakazakii) invade and translocate across both cultured 
human intestinal epithelial cells and human brain microvascular endothelial cells. Microb. Pathog., 
2012; 52: 140-147. 


22. Emami C, Mittal R, Wang L, Ford H, Prasadarao N. Recruitment of Dendritic Cells Is Responsible 


for Intestinal Epithelial Damage in the Pathogenesis of Necrotizing Enterocolitis by Cronobacter 
sakazakii. J. Immunol., 2021; 186: 7067-7079. 


198 | Published by “ CENTRAL ASIAN STUDIES" http://www.centralasianstudies.org 


Copyright (c) 2023 Author (s). This is an open-access article distributed under the terms of Creative Commons 
Attribution License (CC BY).To view a copy of this license, visit https://creativecommons.org/licenses/by/4.0/ 


